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Abstract of JP7056190 

PURPOSE:To make it possible to iinprove the 
shape of fine contact holes, to obtain good contact 
characteristics and to facilitate fine processing by 
opening the contact holes in drain parts and forming 
pixel electrodes. CONSTITUTION :Source wihngs 
are formed via a first interlayer insulating film 8 in 
the upper part of the gate wirings of thin-film 
transistors (TFTs) and a- second interlayer insulating 
film 11 is formed in the upper part of the source 
wirings. A third interlayer insulating film 13 is formed 
in the upper part of the second interlayer insulating 
film 1 1 and the pixel electrodes are formed in the 
upper part of the third interlayer insulating film 12. 
The contact between the pixel electrodes and the 
drain parts 5 of the TFTs is obtd. by using the 
contact holes 13 formed which the third interlayer 
insulating film 12 is isotropically etched and the 
second interlayer insulating film 11 is anisotropically 
etched. The second interlayer insulating film 1 1 is 
an org. thin film and the third interlayer insulating 
film 12 is an inorg. thin film. Then, the shapes of the 
fine contact holes 9 formed in the polyimide film 1 1 
are improved and the good contact characteristics 
are obtd. 
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(54) [Title of the Invention] THIN FILM TRANSISTOR AND THE 
MANUFACTURING METHOD THEREOF 
(57) [Abstract] 

[Constitution] A gate wiring, a source wiring and a pixel electrode are respectively 
formed in different layers with an insulating film interposed between each layer, a 
second interlayer insulating film and a third interlayer insulating film are formed over 
the source wiring, the third interlayer insulating film is isotropically etched, the second 
interlayer insulating film is anisotropically etched to open a contact hole at a drain 
portion, and the pixel electrode is formed at the drain portion. 

[Effect] The shape of a minute contact hole is improved, and this allows favorable 
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contact properties to be obtained; at the same time, microfabrication of a pixel electrode 
by using the RIE becomes easier. 
[Scope of Claims] 

[Claim 1] A thin film transistor used in an active matrix liquid crystal display 

device and the manufacturing method thereof having: 

a source wiring formed over a gate wiring of the thin film transistor through a 

first interlayer insulating film, 

a second interlayer insulating film formed over the source wiring, 

a third interlayer insulating film formed over the second interlayer insulating 

film, and 

a pixel electrode formed over the third interlayer insulating film, 
wherein the contact between the pixel electrode and a drain portion of the thin 
film transistor is obtained by using a contact hole where the third interlayer insulting 
film is isotropically etched and the second interlayer insulating film is anisotropically 
etched. 

[Claim 2] The thin film transistor and the manufacturing method thereof 

according to claim 1 wherein the second interlayer insulating film is an organic thin film 
and the third interlayer insulating film is an inorganic thin film. 

[Claim 3] A thin film transistor used in an active matrix liquid crystal display 

device and the manufacturing method thereof having the steps of: 

forming a polycrystalline silicon layer on an insulating substrate or an 
insulating film to be patterned, 

forming a gate insulating film over the polycrystalline silicon layer, 

forming a gate electrode, 

forming a first interlayer insulating film on the gate electrode, 
opening a minute contact hole at a source and drain portion of the thin film 
transistor by using reactive ion etching, 
forming a source wiring, 

forming a second interlayer insulating film and a third interlayer insulating film 
over the source wiring, 

opening a contact hole at a drain portion of the thin film transistor by etching 
isotropically the third interlayer insulating film and etching anisotropically the second 
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interlayer insulating film, and 

depositing a pixel electrode at the drain portion of the thin film transistor to be 
patterned by using reactive ion etching, 

[Claim 4] The thin film transistor and the manufacturing method thereof 

according to claim 3 wherein the second interlayer insulating film is an organic thin film 
and the third interlayer insulating film is an inorganic thin film. 
[Detailed Description of the Invention] 
[0001] 

[Field of Industrial Application] The present invention relates to a thin film transistor 
used in an active matrix liquid crystal display device and the manufacturing method 
thereof. 
[0002] 

[Prior Art] Increase in the resolution of active matrix liquid crystal display 

devices using thin film transistors has been increasingly progressed in recent years. In 
order to obtain a liquid crystal display device of high resolution and favorable display 
quality, it is effective to embed a source wiring and a gate wiring of a thin film transistor 
as well as to miniaturize the thin film transistor. In a reflective type active matrix 
liquid crystal display device, Japanese Published Application No. S57-20779, Examined 
Patent Application Publication No. Hl-35351 or the like can be given as an example 
that an organic thin film is used for embedding a wiring and that a polyimide film is 
used for an organic thin film. In a transmissive type active matrix liquid crystal 
display device, Japanese Published Application No. H2-207222 can be given as an 
example. The reason for using a polyimide film for an organic thin film is that the 
polyimide film is appropriate for an interlayer insulating film of an active matrix liquid 
crystal display device because the polyimide film has a small dielectric constant, and 
can be easily formed to be thick. Also, a minute contact hole can be formed in the 
polyimide film by using reactive ion etching (hereinafter referred to as RIE) or the like. 
However, it becomes difficult to obtain favorable contact when the aspect ratio of the 
contact hole becomes larger along with the increase in the film thickness of the 
polyimide film. In addition, in order to achieve a liquid crystal display device of high 
resolution, miniaturizing a pixel electrode is necessary as well as embedding a wiring. 
However, when microfabrication of the pixel electrode on the polyimide film is 
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performed by using the RIE, damages to the polyimide film becomes a problem. 
[0003] 

[The Problem to be Solved by the Invention] In a thin film transistor used in an 

active matrix liquid crystal display device, the shape of a minute contact hole formed in 
a polyimide film becomes a problem when polyimide is used for an interlayer insulating 
film. The structure and the manufacturing method in which microfabrication of a pixel 
electrode on the polyimide film can be performed by using the RIE or the like as well as 
improving the shape of the minute contact hole to obtain favorable contact properties 
are invented. 
[0004] 

[Means for Solving the Problem] A feature of the present invention is to have the steps 
of forming a polycrystalline silicon layer on an insulating substrate or an insulating film 
to be patterned, forming a gate insulating film over the polycrystalline silicon layer, 
forming a gate electrode, forming a first interlayer insulating film on the gate electrode, 
opening a contact hole at a source and drain portion of the thin film transistor, forming a 
source wiring, forming a second interlayer insulating film and a third interlayer 
insulating film over the source wiring, opening a contact hole at a drain portion of the 
thin film transistor by etching isotropically the third interlayer insulating film and 
etching anisotropically the second interlayer insulating film, and forming a pixel 
electrode at the drain portion of the thin film transistor. 
[0005] 

[Embodiment] One embodiment of the present invention will be explained with 
reference to figures 1 though 3. Figure 1 is a plan view of a thin film transistor and the 
manufacturing method thereof according to the invention. In figure 1, a gate wiring 1, 
a source wiring 2 and a pixel electrode 3 are respectively formed in different layers. 
The pixel electrode 3 is made partly overlapped with the gate wiring 1 and the source 
wiring 2. Figure 2 is a view showing the cross section of an A- A' part in figure 1. 
Figure 2 shows a polycrystalline silicon film 4 to be served as a channel of the thin film 
transistor, a source and drain region 5, a gate insulating film 6, a gate electrode 7 formed 
on the gate insulating film, a first interlayer insulating film 8 formed on the gate 
electrode 7 by a silicon oxide film or a silicon nitride film, a minute contact hole 9 
formed by using the RIE in the first interlayer insulating film 8 and the gate insulating 
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film 6, a source electrode 10 formed by using metal such as Al, a polyimide film 11 
which serves as a second interlayer insulating film, a third interlayer insulating film 12 
formed by using the silicon oxide film, the silicon nitride film, a tantalum oxide or the 
like, a minute contact hole 13 opened by using the RIE in the second interlayer 
insulating film 11 and the third interlayer insulating film 12, a pixel electrode formed by 
indium tin oxide (ITO) 14 or the like. Next, one embodiment of a thin film transistor 
and the manufacturing method thereof according to the invention will be explained with 
reference to the process drawings of figures 3(a) to 3(d). First, as shown in figure 3(a), 
the polycrystalline silicon film 4 is deposited on a transparent insulating substrate such 
as glass or quartz to a thickness approximately from 500 A to 1000 A to be patterned. 
When the purity of the insulating substrate is low, and there is a risk that heavy metal or 
the like is diffused into the polycrystalline silicon film, the silicon oxide film may be 
deposited prior to the deposition of the polycrystalline silicon film 4. Next, the gate 
insulating film 6 is formed by depositing the silicon oxide film to a thickness of 1200 A, 
or by thermally oxidizing the polycrystalline silicon film 4. Next, the gate electrode 7 
is formed, and the source and drain region 5 is formed by using an ion implantation 
method. As the gate electrode, polycrystalline silicon including phosphorus, metal 
such as Cr, Ta or Al, silicide such as MoSi2, or the like is used. The film thickness of 
the gate electrode is not particularly limited, and it is acceptable as long as it has 
sufficiently enough thickness to prevent impurity ions that are implanted to the source 
and drain region 5 of the thin film transistor. For example, when the polycrystalline 
silicon is used for the gate electrode, phosphorus ions, which are implanted at 100 keV, 
can be sufficiently prevented as long as the film thickness is 3500 A or more. Next, as 
shown in figure 3(b), the silicon oxide film is deposited to a thickness of 5000 A to 
form the first interlayer insulating film 8. After the minute contact hole 9 with the size 
of 2 X 2 ^im is opened at the source and drain region by using the RIE under an 
anisotropic etching condition, the source electrode wiring 10 is performed by using Al. 
As an example of the anisotropic etching condition, the condition that CHF3 is used for 
etching gas, a gas flow rate is 20 seem, reaction pressure is 10 Pa, and rf output power is 
1 kW can be used. Next, as shown in figure 3(c), as the second interlayer insulating 
film, the polyimide film 11 is applied to have an after-curing- thickness of 1 ^im by using 
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a spin coater. Thus formed film is then thermally cured at 300°C. The polyimide 
film is not particularly limited as long as it ensures sufficient translucency and 
chemical-resistant properties for a liquid crystal display device. Next, the silicon 
oxide film is deposited to a thickness of 2000 A by using a plasma CVD method, 
sputtering or the like to form the third interlayer insulating film 12. Considering the 
heat resistance property of polyimide, it is preferable that the silicon oxide film is 
formed at 300°C or less. Other than the silicon oxide film, the silicon nitride film or 
tantalum oxide can be used. Next, a contact is opened in the third interlayer insulating 
film 12 by using a resist as a mask. As the etching for opening the contact in the third 
interlayer insulating film 12, an isotropic etching condition under which the contact is 
formed in a tapered shape in the case of using the RIE or the like is employed, or wet 
etching using HF is performed. Next, as shown in figure 3(d), the polyimide film 11 is 
etched by the RIE under an anisotropic etching condition by using the third interlayer 
insulating film 12 as a mask to open the contact 13. As an example of the condition 
for etching the polyimide film 11, the condition that O2 is used for etching gas, a gas 
flow rate is 20 seem, reaction pressure is 13 Pa, and rf output power is 1 kW can be 
used. Since the edge portion of the contact hole 9 in the first interlayer insulating film 
is cut off by ion bombardment effect when the polyimide film 11 is etched, the shape of 
the contact is further improved. Lastly, indium tin oxide (ITO) 14 is deposited to a 
thickness of 1600 A by a sputtering method to be patterned by using the RIE. 
[0006] 

[The Effect of the Invention] The present invention has the following effects. 

[0007] (1). The shape of a minute contact hole that is formed in a polyimide film is 

improved, and this allows favorable contact properties to be obtained. 

[0008] (2). A pixel electrode that is formed on a polyimide film is microfabricated 

by using RIE more easily, and this allows a liquid crystal display device with high 

resolution to be realized. 

[Brief Description of the Drawings] 

[Figure 1] A plan view showing an embodiment according to the present 

invention. 

[Figure 2] A cross-sectional view showing the cross section of an A-A' part in 
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figure 1. 

[Figures 3] Process drawings showing an embodiment according to the present 
invention. 

[Explanation of Reference Numerals] 


1. 

A gate wiring 

2. 

A source wiring 

3. 

A pixel electrode 

4. 

A polycrystalline silicon film 

5. 

A source and drain region 

6. 

A gate insulating film 

7. 

A gate electrode 

8. 

A first interlayer insulating film 

9. 

A contact hole 

10. 

A source electrode wiring 

11. 

A polyimide film 

12. 

A third interlayer insulating film 

13. 

A contact hole 

14. 

Indium thin oxide 
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